A system based on frontier mesoscopic semiconductor technology, able to perform the basic quantum operations needed for quantum computation, is proposed. The elementary quantum bit (qubit) is defined as the state of an electron running along a couple of quantum wires coupled through a potential barrier with variable height and/ or width. A proper design of the system, together with the action of Coulomb interaction of two electrons representing two different qubits, allows the implementation of basic one-qubit and two-qubit quantum logic gates. Numerical simulations confirm the correctness of the hypothesis.
INTRODUCTION
Quantum theory of computation has been rapidly developed in the recent years. Still it seems very difficult to find a quantum system suitable for realization of the fundamental logic gates, technologically feasible and easily integrable into traditional circuitry. Furthermore, since many qubits are necessary to manipulate quantum information, the physical system which represents the qubit must be reliable and easily reproducible with high quality standards even for structures with a large number of units. The main difficulty in many cases is the onset of interactions between the system and the environment which produce decoherence and consequent loss of information.
As in classical information theory, two-state and I1)) systems are required in order to encode and process information. In quantum computation, however, the bit can be in any superposition of the two states. Furthermore, if a pair of twostate particles is considered, states can be formed for the whole system with linear combinations of products of single-particle states. In these two-particle states the single-particle states are "entangled" and, as a consequence, none of the *Corresponding author. Tel.: + 39 059 2055292, e-mail: bertoni.andrea@unimo.it individual systems carries any information in itself; all the information is instead contained in the system of the two qubits.
ONE-QUBIT GATES
In our proposal two identical semiconductor quantum wires separated by a potential barrier constitute the device for the two-state quantum system (see Fig. 1 If the control qubit is set to (the above electron propagates in wire c l) the Coulomb interaction between the two particles is very weak and does not affect the NOT operation performed by the S gate on the electron representing the data qubit (Fig. 2a) . If the control qubit is set to 0 (the above electron propagates in wire CO) it is possible, with an appropriate choice of the electrons injection timings, to obtain a slowing down of the data electron due to Coulomb interaction. In the simulations described in the next section, the physical parameters of the system and the anticipation of the control electron have been properly designed so that the data electron crosses the coupling window region in a time equal to six half periods of oscillation, realizing a S(6r0 gate, i.e., the identity (Fig. 2b) 
is presented in Figure 3 . Equation (5) represents the application of: (1) The results are excellent in the case of one-qubit gates, while, for two-qubits gates, the broadening of the wave functions due to Coulomb interaction produces residues that are small in the case of CNOT gate (see Fig. 2b ) but that can jeopardize the gate functionality in the case of T gate of Eq. (4) (see Fig. 3b ). The search for optimal parameters for the geometry of the system and for the appropriate initial energy of injected electrons is being performed.
The physical systems proposed in this paper should be already experimentally realizable and tested using frontier mesoscopic semiconductor technology. As last relevant consideration, the features of coherent electron propagation discussed above offer interesting and innovative possibilities also for single-electron devices applied to classical computation.
